A brief account is given on some specific aspects of particle physics at super high energies which are of major importance to the understanding of nature of matter with the expectation that the related experiments can be carried out when these high energies become available. The discussions include 1) Asymptotic Behavior, 2) Dispersion Relations, 3) Broken Symmetry, 4) Heavy Triplets, and 5) Intermediate Bosons.
In the last few years, interest in particle physics at very high energies of the order of a few hundred BeV has become increasingly intensive. It is strongly believed by a vast majority of physicists concerned that by extending the frontier of high energy physics we will enter into a new realm of enlightenment.
It is also believed that any progress in the techniques of super high energy research will be of the most profound value to science in general.
Since 1961, extensive studies 1 on the feasibility of a super high energy accelerator in the range of 300 -1000 BeV as well as the desired physics programs have been carried out at many institutions in the world, notably Brookhaven National Laboratory, CERN, Lawrence Radiation Laboratory, etc.
The general conclusions reached in these studies are that not only is it feasible to build a super high energy accelerator in the energy region up to 1000 BeV by using the present available techniques, but it is also possible to perform many basic and important experiments envisaged in these studies.
It would be of interest to present here some specific aspects of particle physics at super high energies which are of major importance to the understanding of the nature of matter with the expectation that the related experiments can be carried out when these high energies become available.
Asymptotic Behavior
Our present theoretical ideas concerning the dynamics of strong interactions indicate that the range. To establish firmly the existence of such an asymptotic region, much higher energies of the order of several hundred BeV would be needed.
Dispersion Relations
The existence of an asymptotic region as described above is also one of the bases of almost all the theoretical considerations of the so-called dispersion relations. The dispersion relations form one of the main theoretical approaches to the understanding of elementary particle physics; they are founded on some very general and deep principles. It is of major importance that the experimental test of the dispersion relations be extended to the very highest attainable energies since it involves the knowledge of the total cross sections at all energies.
Recent experiments on high energy elastic scattering at small angles performed at the Brookhaven AGS 2 provide results with high precision to allow a first check on some of the theoertical predictions of the dispersion relations at high energies. These experiments made successful use of new techniques developed at Brookhaven which consist of a system of arrays of several hundred scintillation counter elements (Fig. 2) . The information from these counters is computed simultaneously by means of so-called on-line computer. The analyzed results are also displayed simultaneously for the immediate example, a few days after using this system, one is already able to reach the important conclusion that while the radius of p-p interaction expands with increasing energy, the radius of n-p interaction is independent of energy. This contradicted the then-popular REGGE pole theory, which predicted an expansion of radius with increasing energy in all interactions. It is apparent that such techniques would provide an extremely powerful tool for extending the measurements to very high energies.
Thus, if energy of the order of several hundred
BeV became available, the new experimental developments would enable us to perform accurate tests of the existence of an asymptotic region on the one hand, and the detailed predictions of the dispersion relations on the other hand.
Broken Symmetry
Another important recent discovery is the property of "broken symmetry", which means that particles of very different masses can have similar behavior. Since the mass differences which broke the symmetry are already of the order of several hundred MeV to 1 BeV, it would be most desirable to test further such symmetry properties with experiments in an energy region high enough so that such mass differences can be neglected. This means a laboratory total energy of a few hundred BeV.
Heavy Triplets
Another consequence of the broken symmetry theoretical considerations is the existence of many remarkably accurate mass formulae which are derived in the same spirit as the derivation of, say, the ZEEMAN splitting in atomic spectra. In these derivations, the mass differences between different particles which are of the order of several hundred MeV are regarded as small. When we look at the remarkable regularity of the mass spectrum of the strongly interacting particles, we are deeply impressed by its analogy with the atomic spectra.
It would seem logical to think that perhaps all of these particles are not elementary but rather are composite states of some fundamental triplet (a) of much heavier mass. These are the recent speculations of GELL-MANN, and LEE 3 and others. The mass of these triplets was estimated to be of the order of 10 BeV.
According to the present theory, such triplets cannot be produced singly by the very strong symmetry conserving interaction, i. e. , ^ fp + p + a + pions (or kaons) |p+ p + ä-fpions (or kaons) but they are produced in particle-antiparticle pairs such as in the reaction p + p p + p + a + ä + pions (or kaons).
An important question is whether these heavy triplets are stable or meta-stable, i. e., whether the selection rule (1) holds not only for the symmetry conserving interactions but also for all interactions.
If they have fractional charges then they must be stable. As analyzed by LEE, they may also be stable even if they have integer charges.
If they are stable, this would lead to some very interesting consequences; for instance: in such a case charged a can easily be stored in ordinary matter, and unlike p, the corresponding charged ä can also be easily stored separately. BeV range appears to be necessary in order to make any extensive investigation of weak interactions.
Conclusions
The topics mentioned above are only some of the interesting aspects of particle physics at super high energies, and the experiments cited are also a few typical examples of those that become possible at these energies. A more detailed discussion of this question can be found in the papers mentioned in Ref. 1.
In conlcusion, the author wishes to emphasize that the experiments stated above are not only important in testing current theoretical ideas concerning particle physics, but are also crucial in uncovering the underlying mechanism of our physical world.
